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INTRODUCTION

This paper describethe design parametefsr the electronics for EF muarhambers
for the DO upgrade. Thesehambersare constructedrom larocci mini-drift tube
assembliesThe topics covered in thisote include: thespecificationdor a singlechannel
of Amplifier - Discriminator(AD), a 32channel Amplifier -DiscriminatorBoard (ADB),
the Lr%\fv Voltage (LV)and HighVoltage (HV) powersupplies andhe slow control
systent'.

The total number of 8-wirgubes used in theystem isabout 6000 (4800thdividual
channels of readout electronics). The tubes, AD-channels and ABs wnanufactured
and tested at the Joint Institute fdluclear Research (JINR, Dubna) astupped to
FNAL for final assembly and commissioning.

The parameters and designtbe AD-channel andhe ADB have been a aiter of
discussionboth atFermilaband Dubna betwee®ctober 1995 andrebruary 1996. The
specificationnow presented is based oar present understanding of the performance of
larocci mini-drift tube chambers. Changesthis specification arising from R&D arther
sources of nevinformation wil be discussed andilivbe included in arupdatedversion of
this document by mutual agreement of the members of the DO muon group.

1. AMPLIFIER - DISCRIMINATOR BOARD

The AD-channel consists of a wide bameamplifier and a fast discriminator with a
variable threshold. The schematic diagramtbé amplifier-discriminator is shown in
Fig.1. An essential feature tfe proposedlesign isthe differential CMOS currendriver
at the outputThis reduces parasitic feedback to the inputs in comparison to voltage mode
drivers, thus increasing amplifier stability.
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Fig.1 Amplifier—Discriminator channel

A test signal supplied by front-end electrorfiess a locakest pulser. The amplitude of
the pulser is controlled by an analog voltdgen the front-end electronics boardll the
channels of one ADB are fired by the test signal simultaneously.



Two versions of the AD-channel desigmare proposed. Thiirst version consists of
two monolithic (solid-state) chips (an 8-channepreamplifier and an 8-channel
discriminator). The second versionimsplemented inSurface Mount (SMD) technology.
Both versions othe AD-channelare going through R&D at present, and one of the two
will be chosen based on the outcome of a full scale mini-drift chamber prototype test.

The target specifications for an individual AD-channel are:

Amplifier gain (R load = 1 kOm) - 100A (2x50 mVA)
Noise (Cd = 0) at amplifier output - 50..70 nA RMS Note 2
Rise time - <10ns

Dynamic range - 40..60dB  Note 2
Variable threshold range - 0.546

Output impedance - high (current driver)
Output signal diferential 4..5 mA

Power supplies bV

Notes: 1The above specifications may have minor changes after completion of the
R&D stage.

2. The worst case values occur for the SMD version and possilihe
improved in the monolithic version.

We propose that trgranularity of the electronics should k32-channel¢one board
for four eight-wiremini-drift tubes). Eaclchannel can be inhibited #te input of the
front-end digitizing card” located in a VME crate on the detectdatform. Each 32
channel Amplifier Discriminator Board consists of the following parts:

- 32 channels of amplifier-discriminator

- input and output connectors

- DC voltage controlled test pulser with variable output
- low voltage filters

- low voltage fuses

- low voltage indicators (LED)

A 64 channel ADB version isnder a consideration and tdecision whether omot to
use it wll be made after thigprototype is tested. Th&DB should be located at short

distance fronthe end-plug of drift tubes. Theorstcase performance of the ADB can be
no worse than:

- Noise - 100 nA RMS
- Crosstalk between channels - less than - 40 dB

The connection of the electronics to the tubes shoulimplemented using ahort
run of shielded wires. Complete Rs$hielding ofthe tubes is expected to be a part of
mechanical design. For connection of the ADB's output to the front-end card in VME crate



we areplanning touse 80-conductohigh density cablée.g. AmphenolSpectra-Zip PVC
.025" Cable -191-3003 Series) and corresponding connecferg. 3M or Robinson
Nugent). Thdength of these c#ds is defined byhe location of the corresponding VME
crates with respect to the on-chamber electronics.néadessary to equalizbe length of
the cabes withinone front-end VMEmModule(192 channels) irorder to reduce theidth

of the gate signakithin one front-end module. There is ogate synal per 192channel
module.

2. LOW VOLTAGE SUPPLY

We propose to use the powamplies currently installed the muonsystem. Asstated
earlier, a bipolar £5 V supply is needénl the on-chamber electronics. At power
consumption of about 100 mW/channel, the total power will be about 5 kW aésuene
that the muorchamberoctants areequivalent, therilO0 W power of LV pemodule is
needed. Fosafe detector operation it isecessary to applghe following condition: the
LV power caltes should be able to withstandlaortcircuit in any part of theon-chamber
electronics. Therefore it is necessary to take the following protective measures:

- implement fuses for each voltage
- power supplies must have over-voltage protection

To decrease the voltagigop on the powecables,the supplies have to be placed as
close to thechamber modules as possible. To mortit@r outputs of the L\supply, we
propose to use the existing Monitor Bd3rd

3. HIGH VOLTAGE SUPPLY

We propose to use the 48 eight-channel HV modules curiestglled inpresenimuon
system. Thenini-drift tube HV supply must deliver up to 5 kV at 2 np¥rchannel. Each
tube wil have an individuatonnector to the HV budhis allows us to disconnect an
individual tube (8 channels) in case of any HV problems.

4. SLOW MONITORING

We propose to use thexisting muonMonitor Boards(MB) to measure Lyower
supply volage, current, chamber gas flow, pressure etc. Each MB has inpougnd
registersmultiplexed ADC and DAC etc. This monitoring is necesdarythe safe and
reliable operation of the detector.

The list of parameters to be monitored includes:

- output voltages of LV supply

- gas flow through the chambers

- gas pressure

- temperature in a few points around EF muon system



Parameters of the HV powsupply such agdividual voltages and current limitsill
be controlled by the existing CDAQ systém

5. READOUT ELECTRONICS TIMING
The timing schemdor the DO muorsystem inRUN Il is based osynchronization

to the main Tewtronfrequency of 53 MHZ and is shown in Fig.2. Tdefinethe timing
of the readout electronics the following parameters must be considered:

- minimum bunch crossing interval -132 ns
- maximum drift time -60 ns

- maximum propagation delay along a 6 meter tube -20ns
- differences in arrival times for 192 channels in one octant -5ns

Based on theum ofall contributions to thalifference betweengnal arrival time and
bunch crossingthe gatewidth in VME front-enddigitizing card should b&ot longer
than 90 ns.
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Fig.2. Mini-drift tube electronics timing diagram.
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